The standfirst of the feature "Shining new light on the brain" (Curr. Biol. (2011) , 21, R831-R833) stated that optogenetic control of neurons has only been around for six years. It has now come to our attention that the fundamental concept of targeting sensitivity to light to specific neurons, so that their electrical activity could be controlled optically, was established several years before the work on which the feature focused.
Specifically, Gero Miesenböck's group, then at the Memorial Sloan-Kettering Cancer Center in New York, expressed a light-responsive combination of three proteins, namely rhodopsin, arrestin-2, and the a subunit of the corresponding G protein, in cultured neurons and showed that action potentials could be triggered by illumination (Neuron (2002), 33, 15-22) . This method is more complex than the later invention based on channelrhodopsins, as it needs two helper proteins in addition to the lightsensitive rhodopsin itself. The response is also slower, as there is a diffusion step between the sensory rhodopsin and the neuronal reaction.
In the following year, the same group replaced this system with ion channels gated by photochemically controlled ligands (Proc. Natl. Acad. Sci. USA (2003 USA ( ), 100, 1352 USA ( -1357 , which reduces the number of proteins needed to one, speeds up the response, and generates large photocurrents. In April 2005, four months before Deisseroth's first publication on the channelrhodopsin method, Miesenböck's group (then at Yale University) published the first evidence of optogenetic control in a live animal (Drosophila), using this approach with caged ATP as the light-responsive ligand that activates the ion channel (Cell (2005), 121, 141-152) .
In November 2004, the groups of Richard Kramer, Dirk Trauner, and Ehud Isacoff at Berkeley applied optogenetic control to silence, rather than activate neurons, using photoisomerisation of an antagonist to a potassium channel (Nat. Neurosci. (2004 ), 7, 1381 -1386 
So why study memory in fruit flies?
One time, at Cold Spring Harbor Laboratory, I was looking at the expression pattern of a Gal4 line inserted in an unknown gene causing defective long-term memory, and noted that its expression pattern was quite similar to that of mampus, a candidate memory gene. Next day, the unknown Gal4 insertion was sequenced and identified. "This is perhaps the first time for anyone to predict a gene from anatomy; the Gal4 is inserted in the mampus gene", Tim told me. A few years later, together with other colleagues, we reported that flies use NMDA receptors, as well as many other gene products, for olfactory associative What got you interested in biology in the first place? It was totally unexpected. As an undergraduate, biology classes were never fun for me. There were too many facts to know and too many species names to remember. Doing experiments changed my view. Even now, I still remember the excitement at the moment when I first saw a bacterium, Bacillus thuringiensis, completing its life cycle within the alimentary canal of a caterpillar. I was totally fascinated by the microscopic world inside the body of an insect. It was like entering an alien territory. Everything was intriguing and exciting. There was a part of me that I was not aware of until then. I began to learn all the microscopic techniques that would help me to see more.
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How did you switch from working on the cockroach to working on Drosophila? As a graduate student, Q & A learning and memory. Despite the distinct differences in gross anatomy of the brain, fruit flies and humans appear to use many similar molecules for basic demands in daily life. With the most sophisticated genetic tool box for spatiotemporal manipulation of genes and circuits available in fruit flies, I, like many other scientists in the field, believe that studying fruit flies will help us understand basic principles of how our brain functions.
Why do you want to build a wiring diagram of the fly brain? As an entomologist, I was always intrigued by various wonderful insect behaviors. When I first returned from Rutgers to Tsing Hua, almost every biologist in Taiwan was doing something related to genomics. Knowing several genome projects would be eventually completed, I wanted to do something different. In 1993, Francis Crick and Ted Jones challenged the field to construct a connectional map of the human cortex, as it was the essence of human mind. In their words, "without it there is little hope of understanding how our brains work except in the crudest way" (Nature 361, 109-110). A major obstacle faced by all three-dimensional reconstruction methods is that nerve fibers (axons and dendrites) are extremely fine and usually project into a large space. We decided that the fruit fly brain would be the best system for constructing a connectional map, because its small size increases our chance for success while still accounting for relatively complex behaviors. Understanding how the brain networks acquire, process, store, maintain and retrieve information is perhaps one of the most important questions in biology. I believe that lessons gained from mapping fly brain networks can serve as a proof-of-concept pilot study for mapping and understanding our own brain.
What makes you think it is possible to reconstruct the fly brain circuitry? Confocal microscopy for biologists arrived in the early 90s and offers the possibility of removing the out-of-focus background fluorescence in a thick tissue. In theory, the connections between all neurons in the brain could be reconstructed from a series of confocal images, as originally proposed by Marvin Minsky, inventer of the confocal microscope. However, opacity intrinsic to most biological tissues thicker than 100 µm, or a depth of about 5-10 cells, hinders light transmission and emission. After much trial and error, we developed an aqueous tissue clearing agent, FocusClear, that makes fly brains, as well as most biological tissues, transparent (Methods 30, (86) (87) (88) (89) (90) (91) (92) (93) . Such a transparent-brain preparation allows for crystal clear visualization of any internal structures fluorescently labeled in an intact whole mount three-dimensional configuration without sectioning. Another key technology, mosaic analysis with a repressible cell marker, also arrived in time for arbitrary labeling of single neurons with transgenic GFP (Trends Neurosci, 24, (251) (252) (253) (254) . By then, we knew that the successful construction of a connectional map of the fly brain was only a matter of time.
How much more time do you think it may take to finish the whole-brain wiring diagram in Drosophila? Thus far, we have reconstructed approximately 20,000 single neurons in the Drosophila brain. At the current speed of 5000 neurons a year, it will take more than 20 years to complete the fly wiring diagram. However, recent advances in multicolor Brainbow labeling of single neurons and automated three-dimensional imaging and processing make us believe that the connectional map may be completed much faster than this. Large-scale mapping projects at Janelia Farm and several other institutes will also accelerate this process. The projection would be even more optimistic if a standardized platform were available that would enable the integration of data collected from different institutes and accommodate all these neurons into a final atlas.
How did you find people to work on such an interdisciplinary project and how do you envision the impact of such interdisciplinary studies? Mapping brain networks requires expertise from several different fields, including anatomy, genetics, bioimaging, computer science, neuroinformatics, and network analysis. We were very lucky that there are local experts in all these fields. To the surprise of many visitors, our team was initially gathered through a bottomup approach. Scientists across multiple disciplines were attracted not only by their intrinsic curiosity about the brain's functions but also by the beautiful images of brain circuits generated in my laboratory. For years, some of us were devoted to mapping brain circuits with little grant support. We now have around 20 laboratories devoted either to mapping brain circuits or to studying circuit functions. In addition to the center grant, many investigators have their own investigatororiginated grants for participating in the project. It seems that the bottom-up approach works best for interdisciplinary studies.
What else is needed after the map of whole-brain wiring diagram is completed? The completion of single neuron maps in the brain is only the first step towards understanding the brain's operation. The brain not only responds to external stimuli but also controls internal bodily functions. Neuroanatomically, once the wholebrain mapping is completed, in the future we plan to extend the network to cover the whole body. Such a map is basically acting as a hypothesisgenerating tool to predict synaptic connectivity, functional connectivity and effective connectivity between neurons within a circuit orchestrating specific behaviors. What is needed most is an extensive collection of genetic drivers expressed in only a few specific neurons for validation and manipulation of the predicted circuits. Also, automated behavior machines will be essential for highthroughput and large-scale screens of effective genes and proteins in targeted single neurons. Finally, an open-access resource for the integration of all levels of information on brain networks will help us greatly to understand how genes and circuits control behaviors.
